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Description 

[ADAPTIVE BOREHOLE ASSEMBLY 
VISUALIZATION IN A 
THREE-DIMENSIONAL SCENE] 

Background of Invention 
[0001] Field of the Invention 

[0002] The invention relates generally to methods and systems 
for analyzing data generated in oilfield exploration. More 
particularly, the invention relates to methods and systems 
that facilitate the analysis of downhole data or bottom- 
hole assembly data. 

[0003] Background Art 

[0004] wells are generally drilled into the ground to recover nat- 
ural deposits of oil and gas trapped in geological forma- 
tions. A well is drilled into the ground and directed to the 
targeted geological location from a drilling rig at the 
Earth's surface. While the well is being drilled or after it is 
drilled, drillers often investigate the formation and its 



contents using various sensors, such as resistivity sen- 
sors, nuclear magnetic sensors, neutron sensors, gamma 
ray sensors, etc. These sensors may be lowered into the 
well on a wireline to take measurements after the well is 
drilled. Alternatively, the measurements or logging may 
be performed while drilling (MWD or LWD). With MWD or 
LWD, the sensors are included in a bottom hole assembly 
(BHA). A typical BHA includes the drill bit and a plurality of 
subassemblies (subs) that house various sensors. Data 
may be obtained about the borehole and drilling fluid 
properties in the borehole or about the properties of the 
formation and formation fluids. These data are generally 
referred to as downhole data. 
[0005] D ue to different properties of the sedimentation layers in 
the formation, formation stresses and formation fluid 
pressures may be different in different regions of the 
borehole, leading to washouts in some regions. These 
factors combined can produce a borehole that is irregular 
in shapes and sizes. These irregular shapes and sizes may 
cause the BHA to have irregular motions, such as different 
rotation speeds, wobbling, or vibration. The irregular mo- 
tions of the BHA may have an adverse impact on the accu- 
racy of the BHA or downhole data. 



[0006] Therefore, it is desirable to be able to visualize (or recre- 
ate) the BHA and related data alongside a three-di- 
mensional (3D) borehole trajectory so that the BHA data 
may be correlated with other data, e.g., logging data (3D 
images), caliper data (3D borehole shape), etc., alongside 
the 3D borehole trajectory. Particularly, it would be desir- 
able to be able to correlate any anomaly in the BHA data 
with other data. 

[0007] Visualization of a borehole trajectory presents unique 

problems. The thin and long 3D structure of the wellbore 
(typically having a diameter of 1 foot or less and a length 
of several miles) makes it difficult for a user to see the 
overall picture of the borehole and, at the same time, to 
see the detailed structures of the borehole. Published U.S. 
Patent Application No. 2003/0043170 Al by Fleury and 
published U.S. Patent Application No. 2003/0234782 Al 
by Terentyev et al. disclose methods that are particularly 
suitable for displaying the 3D borehole trajectory to facili- 
tate data analysis. Co-pending U.S. Patent Application Se- 
rial Nos. 10/604,062 and 10/250,049, both by Fleury et 
al., filed on November 4, 2003, disclose methods for con- 
veniently displaying multiple sets of formation measure- 
ment data alongside the 3D borehole trajectory. 



[0008] There still exists a need for convenient methods and sys- 
tems that permit the user to observe the BHA data in 3D 
and to correlate the BHA data or BHA motions with other 

data displayed along the 3D borehole trajectory. 
Summary of Invention 

[0009] one aspect of the invention relates to a method for dis- 
playing a bottom-hole assembly together with a borehole 
trajectory. A method in accordance with one embodiment 
of the invention includes displaying the borehole trajec- 
tory in a display window; and displaying the bottom-hole 
assembly in the display window such that the borehole 
trajectory and the bottom-hole assembly are in parallel 
and a measurement depth of the bottom-hole assembly 
corresponds to a measurement depth of the borehole tra- 
jectory. 

[0010] one aspect of the invention relates to a method for dis- 
playing a bottom-hole assembly together with a borehole 
trajectory. A method in accordance with one embodiment 
of the invention includes displaying the borehole trajec- 
tory in a first window; displaying the bottom-hole assem- 
bly in the first window such that the borehole trajectory 
and the bottom-hole assembly are in parallel and a mea- 
surement depth of the bottom-hole assembly corresponds 



to a measurement depth of the borehole trajectory; and 
displaying an expanded view of the first window in a sec- 
ond window, wherein the expanded view includes a por- 
tion of the borehole trajectory and a corresponding sec- 
tion of the bottom-hole assembly. 

[001 1] one aspect of the invention relates to a system for dis- 
playing a bottom-hole assembly together with a borehole 
trajectory. A system in accordance with one embodiment 
of the invention includes a processor and a memory stor- 
ing a program having instructions for: displaying the 
borehole trajectory in a display window; and displaying 
the bottom-hole assembly in the display window such 
that the borehole trajectory and the bottom-hole assem- 
bly are in parallel and a measurement depth of the bot- 
tom-hole assembly corresponds to a measurement depth 
of the borehole trajectory. 

[0012] one aspect of the invention relates to a system for dis- 
playing a bottom-hole assembly together with a borehole 
trajectory. A system in accordance with one embodiment 
of the invention includes a processor and a memory stor- 
ing a program having instructions for: displaying the 
borehole trajectory in a first window; displaying the bot- 
tom-hole assembly in the first window such that the 



borehole trajectory and the bottom-hole assembly are in 
parallel and a measurement depth of the bottom-hole as- 
sembly corresponds to a measurement depth of the bore- 
hole trajectory; and displaying an expanded view of the 
first window in a second window, wherein the expanded 
view includes a portion of the borehole trajectory and a 
corresponding section of the bottom-hole assembly. 
[0013] other aspects and advantages of the invention will be ap- 
parent from the following description and the appended 
claims. 

Brief Description of Drawings 

[0014] FIG. 1 shows a prior art computer that may be used with 
embodiments of the invention. 

[0015] FIG. 2 illustrates a display system in accordance with one 
embodiment of the invention. 

[0016] FIG. 3 illustrates a display of a borehole trajectory and 

BHA in accordance with one embodiment of the invention. 

[0017] FIGs. 4A-4C illustrate a method for determining the dis- 
play widths and transparencies of BHA in accordance with 
one embodiment of the invention. 

[0018] FIG. 5 illustrates a display of BHA components in accor- 
dance with one embodiment of the invention. 

[0019] FIG. 6 illustrates another display of a borehole trajectory 



and BHA in accordance with one embodiment of the in- 
vention. 

[0020] FIG. 7 illustrates a method for displaying BHA to the side 
of a borehole trajectory in accordance with one embodi- 
ment of the invention. 

[0021] FIG. 8 illustrates a display of BHA inside a borehole trajec- 
tory in accordance with one embodiment of the invention. 

[0022] FIG. 9 illustrates a system for synchronization between 

different display windows in accordance with one embodi- 
ment of the invention. 
Detailed Description 

[0023] Embodiments of the invention relate to methods for dis- 
playing bottom hole assembly (BHA) alongside a 3D well- 
bore trajectory so that the BHA data may be easily corre- 
lated with the borehole structure and/or formation prop- 
erty measurements. A method in accordance with the in- 
vention may comprise displaying BHA and the 3D bore- 
hole trajectory in one or more display windows, each dis- 
playing a different scene for different analysis. A synchro- 
nization system may also be provided to synchronize dis- 
plays in various windows so that point of interest (POI) on 
the section of the borehole under investigation is the 
same in all windows. 



[0024] Embodiments of the invention may be implemented on 

any computer. FIG. 1 shows a general computer that may 
be used with embodiments of the invention. As shown, 
the computer includes a display 110, a main unit 100, and 
input devices such as a keyboard 106 and a mouse 108. 
The main unit 100 may include a central processor 102 
and a memory 104. The memory 104 may store programs 
having instructions for performing methods of the inven- 
tion. 

[0025] The programming may be accomplished through the use 
of one or more program storage devices readable by the 
computer processor and encoding one or more programs 
of instructions executable by the computer for performing 
the operations. The program storage device may take the 
form of, e.g., one or more floppy disks; a CD ROM or 
other optical disk; a magnetic tape; a read-only memory 
chip (ROM); and other forms of the kind known in the art 
or subsequently developed. The program of instructions 
may be in object cods or source codes. The precise forms 
of the program storage device and of the encoding of in- 
structions are immaterial here. 

[0026] FIG. 2 shows an exemplary system in accordance with one 
embodiment of the invention for displaying BHA and 



borehole trajectory. As shown in this example, the system 
200 may include two windows: a big-view window 220 
and a small-view window 240. One of ordinary skill in the 
art would appreciate that embodiments of the invention 
may use any number of windows for the displays, and the 
number of windows used in the examples in this descrip- 
tion is not intended to limit the present invention. The 
big-view window 220 may comprise a single window for 
displaying a long section of the borehole trajectory or the 
entire borehole trajectory together with the BHA to give 
the user a better perspective of the entire well. In some 
embodiments, the big-view window 220 may comprise 
more than one sub-windows, such as the two sub- 
windows 221 and 223. In this case, the sub-window 221 
may be used to display the BHA and the 3D borehole tra- 
jectory, while the sub-window 223 may be used to display 
conventional logs corresponding to the borehole section 
displayed in sub-window 221. The displays in sub- 
windows 221 and 223 may be synchronized such that 
changing the displayed section of the borehole trajectory 
in one sub-window will cause a corresponding change in 
the other sub-window. 
[0027] Th e small-view window 240 may comprise a single win- 



dow for displaying a small section of the borehole trajec- 
tory and BHA in more details to permit a user to analyze 
data related to the BHA or the borehole. In some embodi- 
ments, the small-view window 240 comprise more than 
one sub-window, such as the two sub-windows 241 and 
243. In this case, the sub-window 241 may be used to 
display the BHA and the 3D borehole trajectory, while the 
sub-window 223 may be used to display conventional 2D 
graphs (logs) corresponding to the images in the sub- 
window 241. In some embodiments, the displays in the 
sub-windows 241 and 243 are synchronized such that a 
change of the displayed section in one sub-window will 
cause a corresponding change in the other sub-window. 
[0028] The synchronization system may also allow the displays in 
the big-view window 220 and the small-view window 240 
to be synced. For example, the 3D trajectory may be 
translated so that the point of interest (POI) is moved to a 
new location on the 3D trajectory in a first view. Then, the 
synchronization system ensures that the other views that 
are synced to the first view are updated to reflect the 
changes in the first view. Accordingly, an embodiment of 
the invention for displaying the BHA data may include 
methods for visualizing the BHA data in a big-view win- 



dow, a small-view window, and interactions between 
them. 

[0029] BHA in the Big View 

[0030] | n the most natural way, the BHA is displayed inside the 
borehole, as shown in FIG. 8, which will be described in 
more detail with respect to the small-view window later. 
However, because one is often interested in only the axial 
locations of the BHA along the borehole, the BHA may also 
be displayed outside the borehole trajectory. To display 
the BHA outside the borehole while allowing the borehole 
trajectory to remain visible, the BHA may be displayed 
concentric with the borehole in semitransparent (or trans- 
parent) colors or displayed alongside the borehole trajec- 
tory. Note that "semitransparent" is used generally in this 
description to include both semitransparent and transpar- 
ent. 

[0031] | n accordance with some embodiments of the invention, 
BHA structure and position are visualized by a sequence 
of semitransparent cylinders placed around the well tra- 
jectory, as shown in FIG. 3. The transparency of each 
cylinder may be defined in several ways. For example, the 
BHA cylinders may be displayed with a similar trans- 
parency. Alternatively, the transparency of each BHA 



cylinder may be different, depending on one or more se- 
lected parameters such as the camera positions and zoom 
factors. As shown in FIG. 3, the BHA cylinder 301 is closer 
to the camera, it is shown more transparent so that the 
user can easily see the 3D borehole trajectory. The BHA 
cylinder 302 is farther from the camera, and thus it is 
made more opaque in this case, the user cannot observe 
the image in details and it will be desirable to see the lo- 
cations of the BHA components along the borehole trajec- 
tory. 

[0032] | n some embodiments, the radius of a cylinder is also de- 
termined by the camera position and the zoom factors. 
One of ordinary skill in the art would appreciate that sev- 
eral methods are available to achieve this. For example, 
the transparency and the radius of a BHA cylinder may be 
determined according to the following method. 

[0033] The shape of the BHA in the borehole (or the track tra- 
versed by the BHA in the borehole) may be represented as 
a series of cylindrical sections. The length of each section 
of the BHA cylinders may be selected for convenient dis- 
play (e.g., 10 ft or 20 ft sections) or determined as a func- 
tion of the total trajectory length. Alternatively, the length 
of the BHA cylinder may be selected to correspond to the 



actual BHA component lengths used in drilling the well. 

[0034] By representing the BHA as a series of cylindrical sections, 
the transparency of the BHA sections may simply be de- 
termined as their relative locations along the trajectory. 
Alternatively, the transparency of a particular BHA section 
may be determined by its distance to the camera. 

[0035] FIGs. 4A-4C illustrate a method that may be used to de- 
termine the radius and transparency of a BHA section as a 
function of its distance to the camera. As shown in Fig. 
4A, the screen width (or display width) of a cylinder as a 
perspective projection on the screen is calculated with re- 
spect to the camera position. For example, the screen 
width 41 may be determined as a function of an inverse of 
the distance 42 between the BHA section 43 and the cam- 
era 44 and the actual width 45 of the BHA cylinder. FIG. 
4C illustrates one such function. As shown, the cylinder 
width (in pixels) of a BHA section is shown in the vertical 
axis and the projected cylinder width (in pixels) is shown 
in the horizontal axis. The cylinder width shown depends 
linearly on the projected width, or vice versa. The line 46 
representing such a relationship may have a slope that is 
a function of the distance (shown as 42 in FIG. 4A) be- 
tween the camera (shown as 44 in FIG. 4A) and the BHA 



cylinder (shown as 43 in FIG. 4A). 

[0036] Once the screen width of a particular section is deter- 
mined, the screen width may be used to determine the 
transparency of the cylinder. One of ordinary skill in the 
art would appreciate that various functions (e.g., linear, 
hyperbolic, etc.) may be used to determine the trans- 
parency from the radius of the section. FIG. 4B shows an 
example, in which the transparency of the BHA section is 
determined as a hyperbolic function 47 of the radius of 
the displayed cylinder. 

[0037] | n some embodiments, the BHA may be represented as a 
simple cylinder, if the depth of the BHA in the borehole is 
of primary concern. In some embodiments, the BHA may 
be represented in 3D shapes that correspond to various 
shapes of the BHA components (e.g., stabilizers, etc.) to 
facilitate the identification of the various components. In 
some embodiments, different components in a BHA may 
be shown in different colors, in addition to different 
transparencies. For example, the users may be permitted 
to customize different colors for different components of 
the BHA. One of ordinary skill in the art would appreciate 
that 3D shapes, colors, and transparency may be used in 
any combination to represent the BHA in accordance with 



embodiments of the invention. Furthermore, display ani- 
mation (e.g., blinking or motion), to be described later, 
may also be used to enhanced the visualization of the 
BHA. 

[0038] FIG. 5 illustrates an embodiment in which various compo- 
nents of the BHA are shown in different colors. This allows 
the user to distinguish the components easily even when 
the camera is zoomed out. In addition, this facilitates the 
correlation between the BHA data and the corresponding 
BHA components, making the analysis easier. 

[0039] Embodiments of the invention are particularly suitable for 
visualizing BHA related data, such as rotation, shocks, etc. 
Some of the BHA related data may be displayed as anima- 
tions. For example, rotation or wobbling of the displayed 
BHA may be used to illustrate the rotation and wobbling 
of the BHA that occurred during the drilling operation. For 
example, as shown in FIG. 5, the user can select a BHA 
component 51 in the 3D display by clicking on it with the 
mouse or using any other input device (e.g., a key board). 
Then, information (e.g., the name, properties, operational 
parameters, rotation, and shock) 52 related to the se- 
lected component 51 may be displayed. The user may also 
be allowed to perform different actions on the selected 



component, e.g., animate the rotation or the shock of the 
component. In addition to "visualization" of the BHA com- 
ponents and BHA related data, audible information may 
also be used, either alone or in combination with the "visu- 
alization," to provide the BHA related data. For example, 
when the user selects a BHA components, the name (and 
its associated parameters) may be announced to the user. 
Similarly, the rotation or shock experienced by the BHA 
during the drilling operation may be simulated with sound 
effects. 

[0040] The above example displays the BHA as a series of cylin- 
ders outside, but concentric with, the borehole trajectory. 
Displaying the BHA as a series of transparent cylinders 
gives the user a perception of the BHA locations along the 
borehole and allows for the observation of the 3D bore- 
hole trajectory at the same time. 

[0041] a s noted above, the BHA may be displayed alongside the 
borehole trajectory. In this case, there is no need to dis- 
play the BHA as transparent cylinders. Instead, the BHA 
may be rendered as surface shapes (referred to as "shape 
mode"), as shown in FIG. 6. Any surface rendering algo- 
rithms known in the art may be used for this purpose. 
This "shape mode" provides the user with visual informa- 



tion about the BHA components" types and diameters. In 
the shape mode, the BHA can be placed inside the bore- 
hole trajectory image, if the borehole trajectory is dis- 
played in transparent colors, see for example FIG. 8. Al- 
ternatively, the BHA shapes may be displayed alongside 
(outside) the borehole, as shown in FIG. 6. 

[0042] |f the BHA shape is placed alongside the borehole trajec- 
tory, it is preferred to have an algorithm that draws the 
BHA shape in such a way that it is not obscured by the 
borehole trajectory when the camera (user's view point) 
moves. This algorithm automatically computes shifts for 
the components" shapes of the BHA from the borehole 
axis in such a way that the BHA shape is always located in 
front of (between the trajectory and the camera) or to the 
side of the trajectory, as shown in FIG. 7. 

[0043] FIG. 7 illustrates a method that can ensure that display of 
the BHA shapes are not obscured by the borehole trajec- 
tory. For example, the BHA shapes 71 may be first com- 
puted along the borehole axis 72 inside a borehole trajec- 
tory 73. This step aligns the BHA components with their 
respective measurement depths. Next, the BHA shapes are 
shifted outside the borehole trajectory 73 and presented 
as BHA shapes 71a that is either to the side of the bore- 



hole trajectory or projected at a distance between the 
camera and the borehole trajectory. 
[0044] | n addition, the user may also be permitted to shift the 

BHA shape relative to the borehole trajectory (manual shift 
mode), preferably only around the borehole trajectory 
(i.e., orthogonally to the borehole axis) so that the mea- 
surement depths (MD), which are lengths of a borehole 
from the beginning of the trajectory, of the BHA shape re- 
mains aligned with the MD of the borehole trajectory. Fur- 
thermore, in the manual shift mode, the user may be al- 
lowed to put the BHA shape completely inside, partially 
inside, or completely outside the borehole trajectory. This 
manual shift may be accomplished according to, for ex- 
ample, the method illustrated in FIG. 7, by allowing the 
user to determine the shift of the BHA shapes 71a relative 
to the borehole axis 72. Adjusting the BHA shift manually 
allows the user to display the BHA data in the best way to 
correlate it with other 3D trajectory or formation mea- 
surement data. 

[0045] As noted above, different components in a BHA may be 
shown in different shapes and/r colors (see FIG. 5). This 
allows the user to distinguish the components easily even 
when the camera is zoomed out. In addition, this facili- 



tates the correlation between the BHA data and the corre- 
sponding BHA components, making the analysis easier. 

[0046] Furthermore, displaying the BHA as a set of 3D semitrans- 
parent or shaped cylinders together with the 3D borehole 
trajectory allows for visualization of additional information 
about the BHA components graphically. For example, by 
changing color, blinking, or changing cylinder shape, it is 
possible to display BHA motions (e.g., shocks and vibra- 
tion) and other BHA data, to highlight or contrast the BHA 
actions or data. 

[0047] BHA in Small View 

[0048] while the big view provides the user a perspective of the 
locations of the BHA with respect to the 3D borehole tra- 
jectory, it would not be practical to also provide detailed 
information regarding the BHA data, borehole data, or 
formation measurement data on the same big-view win- 
dow. Therefore, some embodiments of the invention also 
include a small-view window alongside the big-view win- 
dow. 

[0049] | n accordance with some embodiments of the invention, 
the BHA in the small-view window is preferably shown as 
a set of component shapes. As in the big view, the BHA 
shape in the small view may be displayed inside the bore- 



hole, partially outside the borehole, or completely outside 
the borehole. If the BHA shape is displayed inside the 
borehole, as shown in FIG. 8, the borehole is shown as a 
semitransparent shape so that it does not obscure the 
BHA components. In addition, the BHA components may 
be displayed in different colors for easy identification and 
correlation with BHA data. Furthermore, when displaying 
the BHA shape, it is preferred that the components are 
displayed in proportion to their sizes and shapes in order 
to allow the user to correlate their positions with the 
borehole shape (caliper data). 
[0050] | n some embodiments, the BHA components may be ani- 
mated. The actions animated may simply be illustrative 
actions that are not related to the actual actions of the 
BHA in drilling the borehole. In some embodiments, the 
animation may be related to the actual actions of the BHA 
during a drilling process, i.e., modeling the actual drilling 
and measurement operations (modeling mode). In the 
modeling mode, the rotation rates and the rate of pene- 
tration (ROP) of the BHA may be recreated according to 
the operation records. This would facilitate the correlation 
between the BHA data and the borehole geometry. Fur- 
thermore, the modeling mode may also facilitate the iden- 



tification of any anomaly in the BHA data or formation 
measurement data resulting from unusual motions 
(vibration or shaking) of the BHA. 

[0051] | n the small view, the BHA components may also be dis- 
played with information related to the components: types 
of components, rotation rates, stress or vibration, and 
other information. The user may interact with the BHA by 
picking the component(s) of interest with the mouse (or 
any input device). The user may then perform the desired 
actions on the picked components, such as moving or ro- 
tating the component in the borehole. 

[0052] | n some embodiments, the display in the big-view window 
(420 in FIG. 4) may be synchronized with the display in 
the small-view window (440 in FIG. 4). Similarly, the dis- 
plays in the sub-windows in the big-view window or the 
small-view window may be synchronized. In the synchro- 
nized mode, any manipulation in one window also up- 
dates the corresponding display in the other window. 

[0053] FIG. 9 shows a diagram illustrating an exemplary synchro- 
nization system in accordance with an embodiment of the 
present invention. As shown in FIG. 9, the synchronization 
system 900 in accordance with the invention, for example, 
may support the following synchronization modes: a big 



view-to-small view (BS) sync mode 902, a sub-win- 
dow-to-sub-window (SW) sync mode 904, and a no sync 
mode 906. Note that the BS sync mode 902 and the SW 
sync mode 904 may either be used separately or together. 
When used together, they provide a synchronization be- 
tween the big-view, small-view, and sub-windows. 
[0054] | n t he BS sync mode 902, changes made to either the big- 
view or the small-view window affect both windows. For 
example, when a user moves the BHA along the borehole 
trajectory in the big-view window, the corresponding dis- 
play in the small-view window is updated to the same MD 
section, and vice versa. In some embodiments, navigation 
within the big-view window and the small-view window 
may be synchronized. For example, if a user rotates the 
borehole trajectory in the small view window, the corre- 
sponding display in the big view window may be concomi- 
tantly updated to match the view shown in the small view 
window. 

[0055] | n the SW sync mode 904, the display in one sub-window 
is synchronized with the corresponding display in the 
other sub-window. Accordingly, changes made to the dis- 
play in one sub-window update the display in the other 
sub-window, and vice versa. In some embodiments of the 



invention, the BS sync mode 902 and the SW sync mode 
904 may be used together. 

[0056] | n the no sync mode 906, none of the windows are synced 
with one another. Accordingly, changes made to any of 
the windows do not affect other windows. 

[0057] Advantages of the invention may include one or more of 
the following. A method in accordance with the invention 
permits convenient display of BHA shapes and data to- 
gether with a 3D borehole trajectory to facilitate analysis 
of BHA data. BHA shapes may be displayed inside, par- 
tially inside, or outside the borehole trajectory. Different 
transparencies, colors, and shapes may be used to illus- 
trate different BHA components. 

[0058] | n accordance with some embodiments of the invention, 
the BHA and borehole trajectory are displayed in a big- 
view window so that the user is aware of the relative loca- 
tion of the BHA in the trajectory. At the same time, the 
BHA may be displayed with borehole trajectory in a small- 
view window to include details of the BHA data and/or 
borehole or formation data. The display in the small-view 
window facilitates detailed data analysis. In some embodi- 
ments, the BHA may be animated to recreate the motions 
of the BHA during the drilling operation. Being able to 



correlate BHA data with the borehole geometry and other 
formation measurement data allows for identification and 
correction of any anomaly in the BHA data. 
[0059] while the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from 
the scope of the invention as disclosed herein. Accord- 
ingly, the scope of the invention should be limited only by 
the attached claims. 



